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A B S T R A C T   
This study tests the stability of environmental preferences and willingness to pay (WTP) values using a discrete 
choice experiment (DCE) across three countries pre and post the peak of the first wave of the Covid-19 pandemic. 
A DCE examining the public’s preferences for alternative environmental management plans on the high seas, in 
the area of the Flemish Cap, was carried out in Canada, Scotland and Norway in late 2019 and was rerun in early 
May 2020 shortly after the Covid-19 pandemic had officially peaked in the three countries. The same choice set 
sequence is tested across the two periods, using different but nationally representative samples in each case. 
Entropy balancing, a multivariate reweighting method, is used to achieve covariate balance between the pre and 
post Covid samples in the analysis. The results suggest that both preferences and WTP remain relatively stable in 
the face of a major public health crisis and economic upheaval.   
Before the final acceptance of this paper, our friend, colleague and co- 
author Isaac Ankamah-Yeboah unfortunately passed away after a short 
illness. As such, this paper is dedicated to his memory. 
1. Introduction 
The Covid-19 pandemic has demonstrated that a sudden global 
disaster can have devastating effects on daily lives and the global 
economy. As the pandemic has spread, concerns over access to the 
global supply chain for essential goods and services, such as food, water, 
and shelter, have also grown (O’Hara and Toussaint, 2021). Never in 
living memory have so many countries been affected by the same crisis, 
in much the same way, at the same moment in time. The closest com-
parable event is perhaps the ozone depletion crisis of the late 1980s 
which saw a reasonably rapid and effective international agreement (the 
Montreal Protocol) to tackle it. It has been suggested that the current 
crisis will have brought home to many the reality that the looming 
climate and biodiversity crises could have even more negative effects on 
our daily lives and that those effects will be much more long-lasting 
(Bang and Khadakkar, 2020). Could this lead to a greater willingness 
to tackle issues such as biodiversity loss, species extinction or the 
escalating ocean crisis brought about by overfishing, ocean heating, 
acidification, pollution, etc.? Or will increased uncertainty around job 
security make people more concerned about their own short-term and 
long-term finances and less willing to pay for environmental conserva-
tion and planning? 
As pointed out by Helm (2020) the economic theory of choice pro-
vides a good basis for understanding how the Covid-19 pandemic might 
change such environmental preferences. A cornerstone of the neo-
classical theory of demand is that individual preferences are exogenous 
and defined over all possible states of the world (Tversky and Kahne-
man, 1991). Preferences will only change if there is a change in the 
available information. As the crisis has unfolded societies have been 
digesting much more information online (Jones, 2020; GWI, 2020). The 
stories that people consume, whether true or false, have also been shown 
to affect economic outcomes and influence people’s decisions on where 
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to invest, how much to spend, and how they prioritise potentially 
competing interests such as economic prosperity and the environment 
(Shiller, 2019). People have also been experiencing more of nature and 
in some instances, cleaner air and less pollution as human activity has 
reduced during enforced lockdowns. 
Against this backdrop, this study examines how the crisis may have 
impacted people’s preferences for ecosystem services and willingness to 
support conservation efforts using a discrete choice experiment (DCE). 
This was was run in late 2019 and repeated in early May 2020, across 
three countries, Canada, Scotland and Norway. This multi-country 
assessment provides a much broader test than a single-country survey 
could. It increases the potential robustness of the conclusions drawn on 
the stability of environmental preferences and willingness to pay (WTP) 
during a global shock. The DCE was employed to assess the preferences 
and WTP of each country’s residents for several key ecosystem service 
benefits derived from conservation efforts on the Flemish Cap, an area of 
the high seas beyond national jurisdiction. In effect, we attempt to 
answer the question raised but left unanswered by Helm (2020): “The 
empirical issue is the extent to which income (and subjective insecurity) and 
the willingness to pay for environmental goods and services are correlated. In 
the context of the coronavirus, will lower incomes lead to a lessening of the 
demand for better environmental outcomes, or will the experience of losing 
access to nature make it more highly valued?” 
In what follows, Section 2 briefly reviews previous research on the 
stability of valuation functions and WTP estimates. Section 3 then out-
lines the survey used in the study while Section 4 briefly introduces the 
choice modelling framework. Section 5 presents the model results 
including two sets of choice models for each region. The first set are 
country-specific multinomial logit models with attribute interaction 
terms for the post Covid-19 survey period. The second set of country- 
specific mixed WTP space models are run on the pre and post Covid- 
19 periods separately. All models include interactions of the status 
quo alternative with several socio-demographic characteristics. Tests of 
preference and WTP estimate stability are run on the joint period 
multinomial logit models and the separate period WTP space models for 
each country. Finally, Section 6 discusses the broader implications of the 
results and offers some concluding remarks. 
2. The stability of valuation functions and WTP estimates 
Environmental valuation is based on standard neoclassical or utili-
tarian economic theory. Individual agents are assumed to be rational 
and sovereign with a set of preferences across a range of goods and 
services that can be ordered, both logically and consistently. A number 
of axiomatic restrictions are imposed on these preferences in order to 
derive a utility function. Based on these restrictions, an individual’s 
WTP for environmental goods is taken as a reflection of his/her pref-
erences. The basic rational choice theory allows for WTP estimates to 
change as variables that co-determine an individual’s demand for a good 
change or as additional information on the good is obtained (Munro and 
Hanley, 2002). However, the strength of the standard rational choice 
model derives from the assumption that preferences remain relatively 
stable. This is what allows the analyst to observe choices in one situation 
and then draw inferences about choices in related situations. As sum-
marized by Levin and Milgrom (2004) “that preferences are funda-
mental, focused on outcomes, and not too easily influenced by one’s 
environment and that people are generally to reason through choices 
and act according to their preferences – that allow economic analysis to 
yield sharp answers to a broad range of interesting public policy 
questions”. 
The stability of preferences, model parameters and WTP estimates 
have been the subject of a long line of productive research in the field of 
environmental economics with testing of stability within and between 
studies and over different time periods, across both DCEs (Brouwer 
et al., 2010; Hoeffler and Ariely, 1999; Bliem et al., 2012; Liebe et al., 
2012; Schaafsma et al., 2014; Czajkowski et al., 2016; Mørbak and 
Olsen, 2014 and Brouwer et al., 2017) and contingent valuation studies 
(Loomis, 1989; Loomis, 1989; Carson et al., 1997; McConnell et al., 
1998; Whitehead and Hoban, 1999; Berrens et al., 2000; Bliem and 
Getzner, 2012). McConnell et al. (1998) present eleven earlier studies 
where researchers indicate stable valuation estimates. The estimates 
remain stable irrespective of the type of good being valued (public or 
private); the time between repeated surveys and the tests used to assess 
the stability of preferences and WTP. In general, the broader literature 
also points to the relative stability of value estimates over time. 
The stability of valuation functions and WTP estimates across time 
needed in order to undertake value transfer exercises has been the focus 
of some of the above-mentioned studies as well as others. The robustness 
of the coefficient estimates within functions from past stated preference 
studies is a key consideration if they are destined for use in value transfer 
(Brouwer, 2006; Fetene et al., 2014; Hynes et al., 2018). Ji et al. (2020) 
were concerned with the temporal reliability of welfare estimates for use 
in value transfer but from the perspective of revealed preference data. 
Based on their repeated travel cost models they argue that if issues 
related to omitted variable bias and model misspecification are 
adequately accounted for in the study design, then revealed preferences 
are stable over time. 
In the environmental valuation literature related to the use of DCEs, 
a number of studies have administered the same choice set sequence to 
the same sample of respondents to test preference and welfare estima-
tion stability. Liebe et al. (2012) and Schaafsma et al. (2014) for example 
found similar results in terms of choice stability and WTP estimates. 
However, Schaafsma et al. (2014) found that although WTP values 
remain stable, underlying preferences in the estimated choice models 
changed significantly over one year. In other work, Brouwer et al. 
(2017) surveyed the same sample three times over two years using the 
same choice sets. They found that while there was evidence of incon-
sistent choices between the three surveys, the underlying preference 
parameters in the estimated choice models were stable over time. The 
mean WTP values derived from the DCEs across the three survey periods 
did however demonstrate a significant decline. 
Similar to our study, Bliem et al. (2012) also tested the same choice 
set sequence over one year, but used different samples, as we do here. 
Their choice experiment method examined preferences for ecological 
improvements along the Danube River and they found no significant 
differences in preferences or marginal WTP estimates for the DCE at-
tributes over time. Indeed, in overviews of the literature testing stability 
of preferences and WTP, it has generally been concluded that stated 
preferences and WTP values are stable over short time periods (see 
McConnell et al. (1998) for an overview of the contingent valuation 
literature and Mørbak and Olsen (2014) for an overview of the DCE 
literature in this regard and Rakotonarivo et al. (2017) for a review of 
the validity and reliability of environmental DCEs more generally). 
The DCE study by Lew and Wallmo (2017) is of particular interest as 
their survey was administered to different samples from the same pop-
ulation and the subject matter was also related to the protection of the 
marine environment. The intervening period also saw a high level of 
economic uncertainty as it coincided with the global financial crisis. In 
their case, the surveys were 17 months apart (spring 2009 and autumn 
2010).Their results suggest stability of both preference functions and 
WTP values across the time periods. Since we are also dealing with 
different samples in each period, stability is defined as the maintenance 
of statistically equivalent choice model parameters and statistically 
equivalent marginal WTP estimates. To be able to compare results across 
the periods a reweighting method is applied to achieve covariate bal-
ance between the pre and post Covid samples in the analysis. 
Based on the theory and the available empirical evidence, our a 
priori expectation is that the relative preferences for the environmental 
attribute levels in the DCE such as the health of the commercial fish 
stock, and management of marine litter would remain stable. However, 
due to heightened uncertainty and concerns over future income, the 
marginal WTP for the attributes might fall following the widespread 
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onset of the pandemic. This, however, is by no means certain. The 
concerns over future income could be considered as an increase in the 
expected marginal utility of income, which would result in lower WTP 
for the attributes, assuming they are normal goods. On the other hand, it 
is also possible that option values associated with the environmental 
attributes could increase WTP following the pandemic if lower incomes 
and increased uncertainty do not outweigh the increased value put on 
the unplanned potential need for environmental goods. Variation across 
the time periods and between the countries may also be expected due to 
differences in cultures, national policies, the severity of the pandemic 
across the regions and the economic resources of the countries involved. 
In general, the literature suggests the validity of valuation methods 
concerning the preference stability assumption of consumer choice 
theory. McConnell et al. (1998) and Morrison and Hatfield-Dodds 
(2011) do warn however that stable preferences and WTP may also be 
observed due to poorly designed survey instruments or overly complex 
information which might tempt respondents to repeatedly use the same 
heuristics, or cues build into the survey, to answer the valuation ques-
tion. This is less of an issue when the samples are different across the 
periods as is the case here. We, therefore, add to this literature by testing 
for stability of environmental preferences and WTP before the start of 
the global Covid-19 pandemic and briefly after the peak of the first wave 
of infections in the three case study countries. No previous study has to 
our knowledge examined the stability of preferences over such a dra-
matic upheaval in the lives of so many people on such a global scale.1 
3. Survey design 
This study makes use of an online survey that was carried out in 
October and November 2019. To test the impact of the Covid-19 
pandemic on the public’s preferences and WTP the survey was 
repeated in all three countries from the 7th to the 13th of May 2020. This 
week was past the peak of the first wave of the pandemic in all three 
countries. According to the European Centre for Disease Prevention and 
Control (ECDPC, 2020), this first peak occurred during April in all three 
countries and was likely the earliest for Norway. This is also evident in 
the graph of reported daily deaths from Covid-19 per million of the 
population in Fig. 1. However, though past the peak of the first wave, the 
three countries were still deeply affected, with several similar public 
restrictions still in place. 
The original survey aimed to obtain information relating to the Ca-
nadian, Norwegian and Scottish publics’ preferences for the manage-
ment of the ecosystems on the Flemish Cap. The Flemish Cap is an 
oceanic bank of high ecological productivity located about 600 km to 
the east of Newfoundland, in an area beyond national jurisdiction and 
within the Northwest Atlantic Fisheries Organization (NAFO) regulatory 
area. A DCE was included in the survey instrument to generate data for 
the estimation of the public benefit value of such conservation planning. 
The survey of public preferences towards protecting high-sea ecosystems 
on the Flemish Cap was designed based on previous surveys of public 
preferences for protecting national deep-sea ecosystems conducted in 
Norway and Scotland (Ankamah-Yeboah et al., 2021). The survey design 
followed best practice guidelines (Johnston et al., 2017) and is further 
described in Xuan et al. (2021) who present results using the original 
2019 dataset.2 
The questionnaire was pretested in two focus groups held with the 
general public in Norway. Following the focus groups, a survey instru-
ment was finalised for a pilot-test with 50 respondents in each country. 
While no further issues were raised with the survey instrument in the 
pilot-test phase, the responses were used to establish the choice sets for 
the main survey. The market research company YouGov Norway Ltd. 
was employed to collect the data for the pilot and both pre and post 
Covid-19 (henceforth we use post Covid-19 to denote the survey carried 
out during the Covid-19 crisis) main surveys using their established 
online panel of the general public in all three countries. The question-
naire and DCE were the same across all three countries for both pre and 
post Covid-19. The samples were different across both phases of the 
survey in each country but the individuals were chosen to be repre-
sentative of the respective populations in each case. A total of 501, 503, 
and 503 respondents took part in the Canadian, Norwegian, and Scottish 
surveys, respectively in the pre Covid-19 run of the survey. A further 
500, 500, and 508 respondents took part in the Canadian, Norwegian, 
and Scottish post Covid-19 wave 1 surveys, respectively. 
As commonly presented in environmental DCEs, each choice card 
included three options: a status quo option describing the attribute 
levels that would be achieved in the future if there was no further change 
from the current management plan and is associated with no additional 
financial cost to respondents, and two experimentally designed man-
agement plan alternatives representing management plans that would 
lead to improvements in the delivery of the ecosystem service benefits, 
denoted by varying attribute levels, and a positive cost. Each respondent 
was provided with eight choice cards and asked to select their most 
preferred option in each case. Of the five attributes that appeared in each 
choice card (as shown in Table 1), three were associated with the 
environmental aspects of high seas management, one with economic 
development in the area, and one with the cost of the proposed man-
agement plan option. The cost attribute was presented as an annual 
income tax increase, expressed in currency units corresponding to each 
country where the survey was conducted. Given that the Flemish Cap is 
Fig. 1. Covid 19 deaths per million of the population in Norway, Scotland and 
Canada. 
Source: European CDPC – Situation Update Worldwide - Data downloaded 29th 
May, 11:07 https://www.ecdc.europa.eu/en/geographical-distribution-2019-n 
cov-cases. 
1 Even in the case of Lew and Wallmo (2017) the gap between surveys occurs 
after the start of the Great Recession and it is interesting that the authors only 
make one reference in a footnote to the fact that this is a period of economic 
uncertainty where they state that the “study occurred during the first few years 
of the Great Recession, during which average household incomes fell as un-
employment rose and multi-generational households increased”. 
2 The original survey was carried out as part of the EU Horizon 2020 ATLAS 
project and was concerned with the assessment of ecosystem service benefits 
derived from protecting ecosystems in the high seas. Given an interest in 
determining WTP for marine ecosystems beyond national jurisdictions and in 
examining distance decay effects the survey was carried out across the three 
countries of Canada, Norway and Scotland. This is reported on in Xuan et al. 
(2021). Given the timing of the original survey, the fact it was conducted in 
three countries and the fact that there was funding available to redo the survey 
the authors thought it was an ideal opportunity to test the possible impacts of 
the pandemic on environmental preferences and WTP. Xuan et al. (2021) also 
provide a detailed description of the study area in terms of location, the main 
ocean economy activities taking place, the existing governance structure, its 
main habitats and its historical significance. A map of the area is also provided. 
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located in international waters, if such a tax was to be implemented it 
should be applied proportionally in all countries, taking into account 
non-use values, or at a minimum those that effectively use the area (i.e. 
taking into account use-values).3 The status quo alternative had the 
same attribute levels across all choice cards while the attribute levels of 
the alternative management plan options varied on each card based on 
the efficient design of the choice experiment. 
In deciding on the choice task design, a Bayesian D-efficient exper-
imental design optimized for the multinomial logit model using the 
NGENE software (ChoiceMetrics, 2018; Hoyos, 2010) was employed. To 
generate the efficient design, priors for the unknown model parameters 
were first established based on similar surveys carried out in Norway 
and Scotland and used to generate the experimental design in the pilot 
survey. Data from the pilot was then analysed and the resulting 
parameter estimates used as new priors in NGENE to generate a more 
efficient design for the DCE in each of the main pre Covid-19 survey 
instruments. To ensure consistency across time periods no further up-
dates of the design were carried out for the post Covid-19 run of the 
survey, i.e. the exact same DCE was run in the main surveys for each 
country both pre and post Covid-19. The three final designs comprised 
16 choice tasks that were assigned into two blocks of eight choice cards. 
Respondents were randomly allocated to one of the blocks. An example 
choice card was then presented (Fig. 2). 
In the final survey instruments, respondents were given background 
information on the Flemish Cap, including what its high seas status 
means and how it is currently managed. For the DCE, respondents were 
first informed that: “Changing environmental conditions and human 
activities can have major impacts on the distribution and sustainability 
of the Flemish Cap’s seas and wildlife. NAFO4 has closed a number of 
areas to protect coral and sponges from the harmful impacts of bottom 
trawling but scientists have recommended that more areas should be 
closed to bottom trawling. As a taxpayer, you can contribute to marine 
management in the high seas. Funding these new management options 
involves a cost to taxpayers so it is important that you are invited to give 
your opinion on the plans”. Respondents were encouraged to think 
about the different management plan “attribute bundles”, to imagine 
actually paying the amounts specified and to consider their own budget 
and ability to pay when considering each option. 
Respondents were then presented with a description of the five at-
tributes used in the choice cards; the health of commercial fish stocks, 
the density of marine litter, the size of the area that is protected, the 
possible expansion of the ocean economy in the area associated with the 
creation of new marine-related jobs (Blue Growth5) and the price of each 
management option. The original surveys in this study were carried out 
as part of the EU ATLAS project that amongst other things developed 
indicators of Good Environmental Status (GES) for the deep seas in the 
North Atlantic Ocean as defined in the EU Marine Strategy Framework 
Directive and generated insights for potential economic developments in 
this region as outlined under the EU Blue Growth Strategy. The choice of 
attributes used for the survey design was guided by what the ATLAS 
marine scientists deemed was most relevant for the EU policy-making 
community when making decisions about the deep seas. The levels of 
each environmental attribute were selected based on expert opinion and 
best available scientific evidence from the marine scientists in the 
project while estimates of current economic activity in the study area 
and knowledge of the Canadian scientists on the Atlas project working in 
the case study area were used to develop the levels for the marine jobs 
attribute (Kazanidis et al., 2020).6 The levels used for the cost attribute 
were derived from the focus group discussions and also informed by 
other valuation work under the ATLAS project carried out on home 
water ecosystem service delivery in Norway and Scotland. The levels of 
the cost attribute used in three surveys (in national currency) were 
adjusted for differences in income levels between the countries using 
purchasing power parity indices from the OECD (2018). The description 
of these attributes and their levels are presented in Table 1. 
Following the DCE, a series of questions were asked to determine if 
Table 1 
Attributes and levels description.  
Attribute Definition Levels Variable 
Name used in 
Models 
Health: % of commercial 
stocks at healthy stock levels. 
High (>80%) Health3 
Moderate (40–80%) Health2 
Low (<40%) (base case) 
Litter: Density of marine litter 
measured as number of items 
of litter per square distance 
unit (km2 in Canada and 
Norway, and mile2 in 
Scotland) 
Good (0 to 1) Litter3 
Moderate (2 to 4) Litter2 
Poor (5 to 8) (base case) 
Areaa: size of protected area as 
% of the area of the Flemish 
Cap 
35% of the Flemish Cap Area4 
30% of the Flemish Cap Area3 
25% of the Flemish Cap Area2 
21% of the Flemish Cap (base case) 
Jobs: number of marine 
economy jobs created from 
sea based commercial 
activities in the area 
+ 200 Jobs3 
+ 100 Jobs2 
No employment change (base case) 
Additional costs: Unit 
currency per person per year 
Canada (CA $): $10, $20, $40, 
$60, $80, $110; Norway (kr): 
100kr, 150 k, 300kr, 450kr, 
650kr, 850kr; Scotland (£): £5, 
£10, £20, £30, £40, £60 [0 for 
status quo options] 
Cost  
a The area to be protected was also described in the survey instrument as an 
approximate of familiar geography. In the case of Scotland it was compared to 
the equivalent proportion of Northern Ireland and Scotland together. In the case 
of Norway it was compared to the equivalent proportion of Denmark and in the 
case of Canada it was compared to the equivalent proportion of Vancouver 
Island. 
3 Information on the average conversion rates during the survey periods for 
the pre and post covid samples are provided as Supplementary Material 
(Table S1). The rates suggest no major inter-temporal monetary effects between 
the two periods. 
4 NAFO is the Northwest Atlantic Fisheries Organization, a multi-national 
regional fisheries management organization for the high seas of the North-
west Atlantic.  
5 Blue Growth refers to the potential for innovation, economic growth, and 
job creation from the use of ocean resources. It has been argued that people may 
not only have preferences for their own job or job opportunities but may also 
derive satisfaction from knowing about the existence or creation of other jobs, a 
concept referred to in the choice experiment literature as the non-use value of 
employment (Morrison et al., 1999; Bennett and Blamey, 2001; Aanesen et al., 
2018). The jobs attribute may though be seen as having a more direct impact on 
the economy and therefore may be viewed as having some quasi-use value also. 
6 No constraints on attribute level combinations were imposed in the exper-
imental design. Generally marine litter may have a negative impact on health of 
commercial fish stocks but as can be seen from the levels used in this case, in 
the deep sea what the marine scientists considered a bad level involves rela-
tively few item of litter that were not expected to impact the fish stocks in the 
same way as in other parts of the ocean. Also it is possible that there could be 
negative interaction between the environmental attributes and the jobs attri-
bute and following the description of economic activity in the case study area in 
the survey instrument respondents were informed that “Development of such 
economic activities could generate more jobs internationally but could also lead 
to negative effects on the unique ecosystems in the area.” This was followed up 
however with a description of the policy goal of blue growth where the aim is to 
have development such that the marine economic activity is in balance with the 
long-term capacity of marine ecosystems to deliver their services. As such it was 
felt that the highest level for the economic attribute could be allowed with the 
highest levels of fish health, litter and area to be protected. 
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the respondents ignored any of the attributes informing their choices 
and to acquire an explanation if respondents picked the status quo op-
tion on all choice occasions. Further questions were asked related to the 
socio-demographic profile of respondents and their marine-related 
activities. 
4. Methodology 
The econometric analysis of the two-period DCE used in this study 
was based on the standard random utility modelling framework devel-
oped in psychology by Thurstone (1927) and popularized by McFadden 
(1974). The random utility model (RUM) assumes that individuals are 
rational utility maximizers who will choose alternative options of a good 
that gives the greatest utility. The utility obtained by person n from 
choosing alternative j in choice task t can be decomposed into two 
separable parts; the systematic and stochastic components and can be 
expressed as: 
Unjt = Vnjt + εnjt; n = 1, 2,…,N; j = 1, 2,…, J; t = 1, 2,…, T (1)  
where Unjt is the unobservable but the true utility of respondent n ob-
tained from choosing alternative j in a choice set t. The term Vnjt captures 
the systematic or observable part of the overall utility and enjt is the 
stochastic error term that is independent and identically distributed 
(IID) extreme value. The systematic component is a function of the 
observable attributes of the chosen alternative in the choice task and the 
observable characteristics of the respondent which can also generally be 
expressed as 
Vnjt = βXnjt (2)  
where Xnjt represent vectors of attributes (including both monetary and 
non-monetary attributes) of the good. β is a vector of unknown 
parameters to be estimated and correspondingly represent attribute 
preferences (including alternative specific constants) and how they vary 
with respondent characteristics. The expression in (2) substituted in (1) 
is a multinomial logit (ML) model which is the natural starting point for 
estimating parameters. However, it imposes the independence of irrel-
evant alternatives (IIA) assumption, that states that the odds of choosing 
alternative A over B should not be affected by the presence or absence of 
alternative C (Hensher and Greene, 2003). Violations of this assumption 
are common in the literature and result in biased estimates of parame-
ters. Also, preferences are assumed to be homogeneous across the 
population. 
Instead, a mixed multinomial logit (MML) model relaxes the IIA 
assumption and incorporates preference heterogeneity by allowing pa-
rameters in the model to vary across individuals in the population with 
density function f(β). The MML model is highly flexible, allows for the 
modelling of panel data and can approximate any random utility model 
(McFadden and Train, 2000; Sillano and de Dios Ortúzar, 2005). The 
MML incorporates unobservable heterogeneity by modelling the distri-
bution of βn as βn = β + ηn, which has mean β and variance var(ηn). The 
distributions of the random parameters are commonly assumed to be 
normal though researchers can also assume them to be exponential, 
lognormal, triangular, amongst others (Hensher et al., 2005). The choice 








where θ contains the means and variances. The MML cannot be solved 
analytically since the related integral does not have a closed form so-
lution. The choice probability can therefore be estimated through 
simulation and the unknown parameters can be estimated by 
Fig. 2. Sample choice card.  
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maximizing the simulated log-likelihood function. Interested readers are 
hereafter referred to Hensher and Greene (2003) for a detailed 
description of the computational approach. 
A common goal of using choice models is the calculation of marginal 
WTP estimates for the choice attributes. For models in preference space, 
such as the ML and MML, the marginal WTP for an attribute is calculated 
by the ratio of each attribute’s coefficient to the price coefficient. Given 
the already noted limitations with the ML model, the associated WTP 
estimates may not be reliable. As Train and Weeks (2005) point out, 
even in the case of the MML, where heterogeneity in preferences and the 
panel nature of the data can be controlled for, the ratio of two randomly 
distributed parameters will cause a skewed distribution of WTP. Many 
applications of the MML, therefore, specify the price’s coefficient as 
fixed so that WTP values do not ‘explode’ but this assumes that all in-
dividuals have the same preferences for the price which may be unre-
alistic and can still lead to biased estimates (Meijer and Rouwendal, 
2006). 
To overcome this problem Train and Weeks (2005) suggest the WTP 
is directly estimated by reformulating the MML model such that the WTP 
of attribute coefficients are directly obtained. Based on eq. 1 and 2, the 
price attribute from the vector of attributes can be made separate such 
that 
Unjt = βnXnjt +αnpnjt + εnjt (3)  
where pnjt denotes the price attribute and αn is the random parameter for 
price. Following Train and Weeks (2005) it is assumed that εnjt is 
extreme value distributed with variance given by kn2(π2/6) where kn is an 
individual-specific scale parameter. As discussed by Tu et al. (2016) 
dividing eq. 3 by kn does not affect behaviour and results in a new error 
term which is IID extreme value distributed with variance equal to π2/6 
such that: 
Unjt = cnXnjt + λnpnjt + εnjt (4)  
where λn = αn/kn, cn = βn/kn and εnjt = εnjt/kn.7 Since the marginal WTP 
for the attributes is given by γn = cn/λn eq. 4 can be written as utility in 





+ εnjt (5) 
The mixed WTP space model is estimated using a maximum simu-
lated likelihood estimation approach. Given that the country-specific 
samples are different in the pre and post Covid-19 period it could be 
the case that there are differences in the underlying characteristics of 
individuals across the periods that influence the choices made, making it 
difficult to disentangle the true effect of the pandemic on preferences 
and WTP. Therefore, Entropy balancing (EB) is used to reweight the pre 
Covid-19 samples to be similar to those in the post Covid-19 samples, in 
terms of the mean, variance, and skewness of a range of observed 
covariates (Hainmueller, 2012). 
Deriving a causal conclusion from observational data such as pre-
sented in this paper is difficult because the treatment exposure of having 
experienced the effects of the global pandemic may be related to some 
covariates that are also related to the choice outcome. In such cases, 
those covariates may be imbalanced between the treatment and control 
groups and the naive mean causal effect estimator can be severely 
biased. EB, a multivariate reweighting method, is used as a pre-
processing technique to achieve covariate balance in such situations. It 
involves a reweighting scheme that directly incorporates covariate 
balance into the weight function that is applied to the sample units. The 
balanced samples can then be used for the subsequent estimation of 
treatment effects. As discussed by Hynes et al. (2020) the EB reweighting 
approach has desirable appeal in discrete choice modelling when the 
researcher is interested in possible differences in preference parameters 
between one group (referred to as the treatment group) and a counter-
factual comparison group (referred to as the control). 
As described by Hainmueller (2012) when applying the reweighting 
method the researcher begins by imposing a set of balance constraints, 
which imply that the covariate distributions of the treatment and control 
group in the preprocessed data match exactly on all prespecified mo-
ments (mean, variance and skewness in our case). The EB approach then 
searches for the set of weights that satisfies the balance constraints but 
remains as close as possible (in an entropy sense) to a set of uniform base 
weights to retain information. This recalibration of the unit weights 
effectively adjusts for systematic and random inequalities in represen-
tation. Once the covariate distributions are adjusted and the EB weights 
fitted, the estimated individual level weights are incorporated into the 
log-likelihood function of the choice models to examine the impact of 
the Covid-19 pandemic on a person’s environmental preferences and 
WTP for marine ecosystem conservation (Hainmueller and Xu, 2013).8 
Only variables that were considered not to be significantly impacted by 
Covid-19 were included in the matching process. 
The first set of country-specific ML preference space models pool the 
pre and post survey observations and include attribute interaction terms 
for the post Covid-19 survey period. In this case, the coefficients on the 
covid attribute interaction terms capture the mean difference between 
pre and post Covid-19 preferences. The second set of country-specific 
mixed WTP space models are run separately for each period sample 
for each country. The simulation across the models are performed using 
500 Halton draws for each sampled respondent. The coefficients for the 
fish health, marine litter, jobs and cost attributes are assumed to have 
lognormal distributions implying that WTP for these attribute level 
dummies is positive for all individuals relative to the attribute base case. 
The area attribute dummies are assumed to be normally distributed as it 
has been shown previously that when it comes to preferences for the size 
of the sea area to be conserved some persons prefer the smaller sized 
options (Hynes et al., 2020). 
The estimated mean and standard deviation (SD) coefficients for the 
area attribute dummies can be directly interpreted as estimates of the 
WTP relative to the base case. However, the reported mean and SD es-
timates of the remaining attribute coefficients which are assumed to be 
log-normally distributed are interpreted as the mean and SD for the log 
of the WTP coefficients. The coefficient of cost is interpreted as the 
estimated mean of the log of the price coefficient. While the same 
interaction terms of socio-demographic variables with the status quo 
ASC as in the ML model were also included as controls in the mixed WTP 
space models, in the interest of space they are not reported here but 
supplied as supplementary material. 
Following the ML model estimations, the joint significance of the 
attribute post Covid-19 survey interaction terms in each model is tested, 
using a χ2test. This is equivalent to testing if the estimated conditional 
preference parameters β in the utility function of the pre and post 
populations are the same. Whether there is equality in the estimated 
mean WTP across both surveys is examined through analysis of the WTP 
confidence intervals in the ML preference space model and testing of the 
difference in WTP estimates across the pre and post Covid-19 periods 
and through analysis of the WTP parameter estimates in the mixed WTP 
space model. A Poe et al. (2005) test of the difference in the two 
empirical distributions of the individual level WTP coefficients from 
each of the mixed WTP space models is also carried out. Therefore, the 
two hypotheses tested are: 
H10 : βn,pre Covid19 = βn,post Covid19 
7 εnjt and Unjt should strictly speaking have new notations following division 
by kn. However, the same notations are maintained for brevity and readability 
following Train and Weeks (2005). 
8 For a detailed presentation of the EB reweighting method, the interested 
reader is directed to Hainmueller (2012). 
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H20 : WTPpre Covid = WTPpost Covid  
5. Results 
Table 2 provides summary statistics for the pre and post Covid-19 
samples for each country. Two-sample t-tests were used to examine 
whether the mean of age and income are equal across the time periods 
while for the remaining dummy variables that indicate proportions, two- 
sample z tests were employed. The tests suggest some differences in the 
pre and post Covid-19 samples. There are statistical differences in age, 
third level education, full-time employment and number in household 
across all three samples. The gender and age distribution in all three 
country samples are close to the known Census of population national 
statistics. Across all three countries, the proportion of the samples with 
third level education are higher than the national average.9 As expected 
the unemployment levels increase and average incomes fall over the 
time periods in both Canada and Scotland. The unemployment level 
remains unchanged in the Norwegian sample however and average in-
come increases marginally although the difference is not statistically 
significant. 
Even though the economies in all three regions would have taken a 
significant hit over the period the proportions that agree or strongly 
agree with the statement that “economic growth is more important than 
protecting the marine environment” significantly falls in both Canada 
and Norway. For the Scottish survey, agreement with this statement sees 
a slight but significant increase. In absolute terms, however, the Scottish 
sample has a much lower agreement with the statement than either 
Canada or Norway perhaps reflecting the economic importance of the 
sea to the latter economies compared to Scotland. In the Norwegian and 
Canadian case it may also be the fact that during the pandemic, people 
became increasingly conscious of the value of nature (Morse et al., 
2020). 
The results of Table 2 imply that the mean of a number of the socio- 
demographic characteristics are significantly different at a 5% level 
between the pre Covid and post Covid periods. Results based on the 
comparison of such unbalanced covariates will not be reliable. The EB 
matching method is therefore used to construct more balanced samples 
for use in the DCE analysis. Respondents in the pre Covid samples were 
weighted to meet the targets of balance on the three moments (mean, 
variance, and skew) of seven independent variables; age, gender, third 
level education, marine sports enthusiast, currently a student, married 
and had heard of Flemish Cap previously. The EB procedure produces an 
almost perfect balance between the pre and post Covid 19 samples 
across all observed covariates. The individual-level EB weights gener-
ated in the preprocessing step were stored for use in the subsequent 
discrete choice analysis where they enter the log-likelihood function of 
the chosen models. 
We first present a weighted ML model (without random parameters) 
results to establish a baseline. As pointed out by an anonymous reviewer 
of an earlier version of the paper, the extra layer of complexity and 
estimation procedure of mixed WTP space models (or even mixed 
preference-based models) could mask important preference changes 
after Covid-19 that may be observed in a standard conditional logit 
model. While the mixed choice model formats have certain advantages, 
Table 2 
Summary Statistics per country, Mean (Std. Dev.) pre and post Covid-19 Crisis.   
Canada Norway Scotland  
Pre Covid Covid Pre Covid Covid Pre Covid Covid 












Male 0.49 (0.50) 0.48 
(0.50) 
0.50 (0.50) 0.50 
(0.50) 
0.47 (0.50) 0.47 
(0.50) 
























Part time employed 0.14 (0.35) 0.13 
(0.34) 
0.13 (0.34) 0.13 
(0.34) 
0.16 (0.37) 0.15 
(0.35) 
Currently a student 0.07 (0.25) 0.05 
(0.21) 
0.11 (0.32) 0.09 
(0.29) 
0.05 (0.21) 0.05 
(0.22) 






























Member of Environmental Organization 0.04 (0.20) 0.03 
(0.18) 
0.09 (0.28) 0.08 
(0.27) 
0.04 (0.20) 0.02 
(0.13) 
Marine sports enthusiast 0.43 (0.49) 0.40 
(0.48) 
















0.06 (0.24) 0.08 
(0.27) 
Had heard of the Flemish Cap’s deep seas and wildlife previously 0.24 (0.43) 0.25 
(0.44) 
0.20 (0.40) 0.18 
(0.39) 
0.16 (0.37) 0.15 
(0.35) 
Respondent or member of household employed in sea related industry 0.05 (0.23) 0.04 
(0.19) 






Number of Respondents 501 500 503 500 503 508 
Figures outside brackets are the means while figures inside brackets are the standard deviations. * indicates significant average difference between pre and post Covid- 
19 samples at 95% significance level. For the continuous variables of age and income a two sample t test was employed while for the remaining dummy variables that 
indicate proportions a two sample z test was used. 
9 As detailed in Table 2 of Xuan et al. (2021) where the authors compare the 
summary statistics of the original sample to national level population averages 
the representativeness of the samples was deemed satisfactory. Only in the case 
of third level education, was there an observed oversampling across all the 
three countries and this was also observed in the repeat survey. This is 
particularly so for the pre Covid-19 Scottish sample although this falls by 13 
percentage points in the second period so that it is comparable to the other 
countries. 
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these advantages are not necessarily critical to the hypothesis being 
tested. Therefore the first set of country-specific, joint period estimated, 
ML models are shown in Table 3 and the corresponding marginal will-
ingness to pay estimates are shown in Table 4. 
For the analysis, we restricted the samples used in each case to those 
respondents who did not serially choose the status quo option as a 
protest response.10 The models include the choice attribute level 
dummies and interaction terms of the attribute level dummies and the 
cost variable, with the post Covid-19 sample (0/1) indicator. Interaction 
terms of several socio-demographic variables with the alternative spe-
cific constant, and in turn with the Covid-19 indicator are also included 
as controls. As is evident from Table 3 the base attribute coefficients are 
highly significant across the board for the Canadian model. For the 
Scotland model, only the lowest level for the area to be protected 
(Area2) is insignificant. In the case of Norway both the medium (Area3) 
and the lowest level for the area to be protected (Area2) are 
insignificant. 
The highest levels of the marine litter, commercial fish health and 
area protected attributes shows the highest intensity of preferences 
across all countries, respectively. The relative magnitude of the jobs 
attribute levels would suggest that respondents in all countries have a 
higher preference for environmental protection rather than blue growth 
on the high-seas. It is also possible that respondents perceived the 
changes in economic activity presented by the jobs on the choice cards to 
be relatively low so may have put a lower value on this attribute. As 
expected, the coefficient on cost is negative and significant, suggesting 
that ceteris paribus, respondents prefer to pay lower amounts of addi-
tional taxation. The alternative specific constant for the status quo 
Table 3 
Multinomial Logit Models with Post Covid-19 Interaction Effect.   
Canada Norway Scotland   
Coefficient Standard Error Coefficient Standard Error Coefficient Standard Error 
Health3 0.591*** (0.059) 0.664*** (0.058) 0.932*** (0.064) 
Health2 0.437*** (0.058) 0.543*** (0.061) 0.706*** (0.069) 
Litter3 0.630*** (0.060) 0.746*** (0.059) 1.286*** (0.063) 
Litter2 0.421*** (0.062) 0.483*** (0.061) 1.003*** (0.066) 
Area4 0.266*** (0.065) 0.354*** (0.064) 0.458*** (0.078) 
Area3 0.221*** (0.062) 0.060 (0.069) 0.270*** (0.073) 
Area2 0.208*** (0.061) − 0.009 (0.067) 0.099 (0.075) 
Jobs3 0.258*** (0.057) 0.219*** (0.054) 0.268*** (0.059) 
Jobs2 0.180*** (0.058) 0.194*** (0.059) 0.409*** (0.066) 
Cost − 0.007*** (0.001) − 0.001*** (0.000) − 0.015*** (0.001) 
Asc3 − 0.760*** (0.227) − 0.276 (0.204) − 0.712** (0.305)  
Covid-19 Interactions 
Health3*Covid − 0.072 (0.081) − 0.089 (0.081) 0.068 (0.085) 
Health2*Covid − 0.005 (0.080) − 0.112 (0.084) 0.056 (0.092) 
Litter3*Covid 0.039 (0.083) 0.034 (0.081) 0.004 (0.085) 
Litter2*Covid 0.039 (0.085) 0.088 (0.084) − 0.092 (0.089) 
Area4*Covid − 0.059 (0.090) − 0.039 (0.089) − 0.111 (0.101) 
Area3*Covid 0.003 (0.086) 0.005 (0.095) − 0.037 (0.097) 
Area2*Covid − 0.042 (0.085) 0.002 (0.093) − 0.012 (0.099) 
Jobs3*Covid − 0.002 (0.079) − 0.087 (0.074) 0.007 (0.078) 
Jobs2*Covid 0.002 (0.080) 0.077 (0.081) − 0.134 (0.088) 
Cost*Covid − 0.001 (0.001) − 0.000 (0.000) 0.001 (0.002) 
Asc3*Covid 0.461 (0.297) 0.512* (0.264) 0.990** (0.404)  
Interactions with Status Quo Alternative (Asc3) 
Age 0.002 (0.004) − 0.009*** (0.003) 0.009** (0.005) 
Male − 0.111 (0.112) − 0.141 (0.109) − 0.309* (0.165) 
Third level education 0.138 (0.122) 0.092 (0.109) − 0.429*** (0.155) 
Full time employed 0.198 (0.122) − 0.216* (0.121) − 0.071 (0.184) 
Unemployed − 0.008 (0.156) 0.066 (0.197) 0.744*** (0.253) 
Married or cohabiting − 0.411*** (0.116) 0.188* (0.114) 0.058 (0.127) 
Marine sports enthusiast 0.163 (0.114) 0.214* (0.114) 0.315* (0.166) 
Had heard of the Flemish Cap previously − 0.219 (0.141) 0.074 (0.131) − 1.002*** (0.262) 
Age*Covid − 0.007 (0.005) 0.006 (0.004) − 0.016*** (0.006) 
Male*Covid 0.225 (0.155) − 0.141 (0.141) 0.435** (0.209) 
Third level education*Covid − 0.504*** (0.161) − 0.088 (0.153) − 0.542*** (0.202) 
Full time employed*Covid − 0.182 (0.173) − 0.231 (0.158) − 0.198 (0.235) 
Unemployed*Covid 0.331 (0.203) − 0.373 (0.283) − 1.154*** (0.329) 
Married or cohabiting*Covid 0.751*** (0.155) − 0.643*** (0.148)   
Marine sport enthusiast*Covid − 0.116 (0.152) 0.016 (0.151) − 0.007 (0.216) 
Had heard of the Flemish Cap previously*Covid − 0.374* (0.192) − 0.559*** (0.186) 1.312*** (0.312) 
Log likelihood − 7222  − 6989  − 6099  
Wald Chi^2 statistic (37) 1783  1564  2967  
Pseudo R2 0.15  0.13  0.30  
Observations 23,280  21,984  23,808  
Standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. 
10 Protesters were determined by follow-on questions after the choice exper-
iments for those who only chose the status quo option in the choice cards, 
asking why they had done so. Observations were removed if the reason for 
continuously choosing the status quo option was that they believed the gov-
ernment should pay from existing revenue, they did not believe any protection 
management scheme would be implemented or they objected to paying for 
marine ecosystem protection. It resulted in 31, 87 and 19 individuals being 
dropped from the approximately 1000 observations in each of the Canadian, 
Norwegian and Scottish samples, respectively. As recommended by Villanueva 
et al. (2017) further information on the status quo responses and the reasons for 
serially choosing the Status Quo option is provided in table S3 in the Supple-
mentary Material to the paper. A frequency table displaying self-declared 
attendance to attributes in the pre and post samples is also provided. 
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alternative (ASC3) variable is negative and significant for Canada and 
Scotland but is insignificant in the Norwegian case. However, the net 
effect related to the ASC3 (accounting for the ASC3 interaction terms) is 
negative and significant across all models indicating that respondents in 
all countries are more likely, all else being equal, to choose a high-seas 
management plan for the Flemish Cap that is different from the current 
one in place. 
Examining the Covid-19 interaction terms suggests that the crisis has 
had very little influence on people’s preferences. No Covid-19 attribute 
interaction term is significant at the 5% level and only in the case of 
Scotland do we observe a statistical significance and positive Covid- 
ASC3 interaction term. The insignificant cost interaction term suggests 
that even ‘price’ sensitivity for marine environmental management has 
remained unchanged since the outbreak of the crisis. While it can be 
seen that individually the attribute interaction terms are insignificant at 
the 5% level we also examine whether the post crisis interaction vari-
ables, taken as a whole in each model, are significant by testing whether 
the interaction coefficients are simultaneously zero. The significance 
level of the χ2 test in each case indicates that we fail to reject the hy-
pothesis (H01) of no difference in environmental preferences pre and post 
the Covid-19 crisis.11 
To test the second hypothesis, the marginal WTP estimates are 
calculated for both the pre and post Covid-19 samples using the ML 
model results. Associated confidence intervals were calculated using 
Krinsky-Robb simulations with 10,000 replications (Krinsky and Robb, 
1986). The results are shown in Table 4. All estimates have been con-
verted to Canadian dollars to allow for easy comparison across coun-
tries. Scotland displays the highest marginal WTP values for all 
attributes across the countries and the magnitude of the results suggest 
that the health and litter attribute levels are even more highly valued in 
the post Covid-19 sample although the differences are not statistically 
significant. In contrast, Norway displays the lowest marginal WTP for 
the health and litter attributes across all countries. 
The 95% confidence intervals suggest that the marginal WTP esti-
mates for all attributes across all countries are not significantly different 
on average pre and post the Covid-19 crisis outbreak. Of course, in 
comparing any two groups, the confidence intervals may overlap and yet 
the means may still be significantly different from one another (see 
Austin and Hux, 2002 for a discussion on this point). Given the extent of 
the overlaps observed in the results here such a finding is unlikely in this 
case and hypothesis testing of the difference in the WTP estimates across 
the pre and post Covid-19 periods confirms no statistical differences. 
Tables 5 to 7 present the separate pre and post Covid-19 mixed WTP 
space models for each of the three countries, respectively. The mean 
coefficients in the Canadian WTP space models are all highly significant 
in both the pre and post model cases. A similar result is evident in the 
Scottish case where bar the lowest level on the area dummy (Area2) in 
the pre and post Covid-19 models, all other mean coefficient values are 
significant at the 1% level. The WTP for any of the area dummies ap-
pears almost identical in the preCovid-19 Canadian model based on the 
magnitude of the coefficients. However, the standard deviation coeffi-
cient for the moderate area level dummy is large compared to the mean 
and also compared to the other area-level standard deviations. 
In the Norwegian case, the majority of the mean coefficients are of 
the expected sign and significant. However, in the pre Covid-19 model, 
the Area2 WTP coefficient estimate and the mean of the log of the Jobs3 
WTP coefficient are only significant at the 10% level. The mean of the 
log of the Jobs3 WTP coefficient is insignificant in the Norwegian post 
Covid-19 case. As was the case with the ML models the net effect related 
to the status quo option (accounting for the ASC3 interaction terms) was 
found to be negative and significant across all models. A decrease in the 
general WTP to avoid the status quo alternative in favour of a positively 
priced management plan was evident across the three countries 
although the difference from the pre Covid models was not statistically 
significant. 
The SD coefficients are generally significant, indicating that there is 
heterogeneity in the respondents’ preferences particularly for the 
highest level of each attribute associated with conservation and man-
agement of the deep sea area. However, in the majority of cases the 
relative size of the SD coefficients compared to the mean coefficients are 
low.12 The relative size of the SD coefficients is particularly low in the 
case of the jobs attribute indicating that even if significant there is less 
variability around the mean effect when it comes to the creation of 
marine economy jobs in the area. Across all three countries, the SD 
associated with Jobs2 is statistically insignificant. The SD is also insig-
nificant for a number of the other lower attribute level dummies sug-
gesting relatively homogenous preferences in those instances. It is 
interesting to note an increase in the magnitude of the SD coefficients in 
the post Covid-19 Canadian model for all attributes except Area which 
implies the WTP for these attributes may have become more spread out 
around the mean following the crisis although there is less evidence of 
this in the case of the other countries. 
Table 4 
Marginal WTP (Canadian Dollars) based on multinomial logit model results.  
Attribute level Canada Norway Scotland 
Pre Covid Post Covid Pre Covid Post Covid Pre Covid Post Covid 
Health3 83.36 (66.44, 103.99) 63.51 (50.32, 78.06) 67.59 (56.42, 79.76) 57.01 (46.76, 67.56) 72.68 (60.51, 87.31) 84.47 (71.58, 100.45) 
Health2 61.66 (44.84, 81.53) 52.88 (39.29, 68.90) 55.27 (43.34, 69.39) 42.69 (32.02, 54.77) 55.11 (43.59, 68.80) 64.43 (52.70, 78.49) 
Litter3 88.84 (71.16, 111.77) 81.86 (67.23, 100.15) 75.96 (64.41, 89.92) 77.28 (66.46, 90.41) 100.36 (86.25, 119.33) 109.05 (94.52, 128.87) 
Litter2 59.36 (43.72, 77.37) 56.22 (43.36, 70.91) 49.14 (38.16, 61.72) 56.51 (46.06, 68.51) 78.24 (65.89, 94.18) 77.02 (65.07, 92.35) 
Area4 37.51 (19.16, 57.15) 25.37 (10.78, 40.85) 36.02 (22.99, 49.50) 31.15 (19.21, 43.66) 35.72 (23.70, 48.67) 29.29 (18.71, 40.95) 
Area3 31.21 (14.27, 50.40) 27.39 (13.42, 42.92) 6.09 (− 7.33, 20.13) 6.46 (− 5.86, 19.62) 21.08 (9.88, 33.18) 19.68 (9.26, 31.01) 
Area2 29.32 (12.10, 46.74) 20.34 (6.35, 34.24) − 0.88 (− 14.17, 12.12) − 0.66 (− 12.97, 11.29) 7.72 (− 3.85, 18.77) 7.32 (− 3.50, 18.06) 
Jobs3 36.46 (21.38, 52.63) 31.41 (18.80, 44.67) 22.33 (11.38, 33.74) 13.09 (3.49, 23.37) 20.92 (12.03, 31.04) 23.22 (14.95, 32.72) 
Jobs2 25.33 (9.78, 41.41) 22.26 (9.33, 35.13) 19.78 (8.43, 32.03) 26.92 (16.33, 38.36) 31.88 (21.45, 43.51) 23.20 (13.67, 33.86) 
95% Confidence interval in parenthesis. Exchange rates used to convert all results into Canadian dollars: 1 Norwegian Krone equals 0.14 CA dollars and 1 pound 
sterling equals 1.71 CA dollars. 
11 The pooled two period models rest on the assumption of no difference in 
variance between the two sample periods. This could be violated so in order to 
double check the findings, separate weighted ML models for each time period 
for each country were run instead of pooled ones. The results were virtually 
identical in terms of preference sign, magnitude and significance as suggested 
by the pooled models. In the interest of space, the results of these single period 
ML country models are not presented here but are available from the authors 
upon request. As we add complexity to the model specifications the mixed WTP 
space models are kept separate for the pre and post Covid-19 periods. 
12 Although not shown here, the standard deviations are substantially larger in 
the equivalent mixed preference space logit models relative to the means than 
in the WTP space models presented here. Similarly the WTP estimated from the 
equivalent preference space models are larger and have wider confidence in-
tervals. This is a similar result to a number of other studies such as Train and 
Weeks (2005), Hole and Kolstad (2007) and Scarpa et al. (2008). 
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Following Hole (2007) the attribute level in natural logarithm form 
are transformed to provide the mean and 95% confidence intervals of 
the WTP coefficients themselves. These are shown in Table 8. Similar to 
the basic ML WTP estimates, the highest WTP across all countries is 
associated with the highest level of management of marine litter fol-
lowed by the achievement of the highest level of health for commercial 
fish stocks. Scotland displays the highest marginal WTP values for all 
attributes (except for Jobs3) across the three countries and the magni-
tude of the results suggest that the health and litter attribute levels are 
even more highly valued in the post Covid-19 Scottish sample although 
the differences are not statistically significant. In contrast, Norway dis-
plays the lowest marginal WTP for the health and litter attributes across 
all countries. Hypothesis testing of the difference in the means suggests 
that the marginal WTP estimates for all attributes across all countries are 
not significantly different on average pre and post the Covid-19 crisis 
outbreak. We, therefore, fail to reject the hypothesis (H02) of no differ-
ence in mean WTP post the Covid-19 crisis. The relatively large confi-
dence intervals should however be noted and the fact that the 
differences are still ‘economically’ meaningful, particularly for the 
health and litter attributes for Canada and Scotland. 
Nonetheless, the empirical distributions of the individual level WTP 
coefficients could still be statistically different. To examie this possibility 
a Poe test is used. The Poe test does not test for mean differences in WTP 
estimates as a z-test does but rather tests for the difference between 
marginal WTP distributions, i.e. it tests the null hypothesis that the 
difference in the two empirical distributions of the individual level 
marginal WTP values are equal to zero. The results of the Poe test are 
given in Table 9. Based on the P values in each case and across all 
countries the test fails to reject the null hypothesis that the difference in 
the two empirical distributions of the individual level marginal WTP 
values are equal to zero for the highest dummy level of each of the at-
tributes. Some differences are observed however for a number of 
empirical distributions of the individual marginal WTP values for the 
lower dummy levels across the samples. 
6. Discussion and conclusions 
In this paper, use was made of a choice experiment conducted both 
before the Covid-19 pandemic and after the peak of the first wave of the 
pandemic across three separate countries to test for the stability of 
environmental preferences and WTP following the onslaught of a global 
crisis. The results suggest that while in general, the mean preferences are 
relatively stable, the pandemic would appear to have led to changes to 
preference heterogeneity as observed in the statistical difference across 
the periods in the empirical distributions of a number of individual-level 
WTP coefficients. While it is difficult to compare the results here to 
previous research on the stability of preferences given that no one pre-
viously has been in a position to test for such stability during such an 
immense global shock there have been numerous instances where 
environmental preferences and WTP have been found to remain stable 
over comparable time periods even if there was no shock in the inter-
vening months (Bliem et al., 2012; Liebe et al., 2012). The results of 
Bliem et al. (2012) were characterized “by a remarkable stability” but in 
their case, no shock of any kind occurred in the period between the two 
DCEs. 
Our a priori expectation that a person’s marginal WTP for the envi-
ronmental attributes would decline due to the heightened uncertainty 
and concern for future income caused by the global pandemic, is not 
shown in our results. However, we believe there are several explanations 
for the robustness of mean preferences and mean WTP. One reason for 
Table 5 
Canadian mixed WTP space model for pre and post Covid-19 periods.   
Canada  





Health3 4.436*** 0.364*** 4.022*** 0.529***  
(0.056) (0.058) (0.192) (0.084) 
Health2 4.189*** 0.207*** 3.863*** 0.141  
(0.069) (0.037) (0.163) (0.161) 
Litter3 4.371*** 0.662*** 4.148*** 0.772***  
(0.076) (0.069) (0.151) (0.148) 
Litter2 4.143*** 0.060* 3.928*** 0.216***  
(0.082) (0.035) (0.133) (0.076) 
Area4 30.618*** 2.993* 28.601*** 1.581  
(3.707) (1.819) (7.135) (6.602) 
Area3 30.845*** 37.246*** 26.900*** 32.736***  
(6.111) (5.804) (6.983) (6.522) 
Area2 30.015*** 2.366 25.090*** 1.704  
(3.546) (1.983) (7.318) (4.157) 
Jobs3 2.787*** 1.426*** 3.514*** 0.055  
(0.299) (0.195) (0.242) (0.098) 
Jobs2 3.147*** 0.018 3.205*** 0.001  
(0.121) (0.107) (0.256) (0.133) 
Cost − 4.889*** 1.494*** − 4.539*** 1.060***  
(0.148) (0.151) (0.131) (0.151) 
Asc3 − 654.10*** 753.35*** − 304.13*** 544.22***  
(166.14) (154.63) (56.27) (102.07) 
Pseudo Log 
Likelihood 
− 3129  − 3041  
Wald Chi^2 
statistic (18) 
20,203  5001  
Pseudo R2 0.63  0.64  
Observations 11,688 11,688 11,592 11,592 
Standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0. The mean and 
standard deviation for health, litter, jobs and cost attributes are presented as the 
log of the WTP coefficients. Interaction terms of socio-demographic variables 
with the status quo ASC were also included in model and are reported as sup-
plementary material in table S4. 
Table 6 
Norwegian mixed WTP space model for pre and post Covid-19 periods.   
Norway  





Health3 4.136*** 0.021 4.053*** 0.150**  
(0.075) (0.108) (0.070) (0.061) 
Health2 3.913*** 0.148 3.811*** 0.048  
(0.098) (0.137) (0.072) (0.047) 
Litter3 3.880*** 0.892*** 3.747*** 1.064***  
(0.103) (0.083) (0.100) (0.075) 
Litter2 3.720*** 0.156 3.746*** 0.240***  
(0.097) (0.121) (0.070) (0.086) 
Area4 39.909*** 46.772*** 33.725*** 63.221***  
(4.892) (8.797) (4.271) (5.877) 
Area3 11.129** 28.379*** 12.460*** 16.209  
(5.205) (5.218) (4.636) (10.177) 
Area2 7.729* 8.541 8.182*** 2.777  
(4.081) (7.236) (2.082) (2.137) 
Jobs3 1.355* 1.865*** 0.966 1.957***  
(0.716) (0.358) (0.797) (0.409) 
Jobs2 2.957*** 0.030 3.140*** 0.057  
(0.205) (0.251) (0.146) (0.102) 
Cost − 4.115*** 1.029*** − 3.995*** 1.124***  
(0.118) (0.089) (0.099) (0.110) 
asc3 − 97.869 357.381*** − 49.981* 318.570***  
(75.481) (46.446) (29.912) (33.681) 
Pseudo Log 
Likelihood 
− 2758  − 2848  
Wald Chi^2 
statistic (18) 
6260  13,815  
Pseudo R2 0.65  0.64  
Observations 10,776 10,776 11,208 11,208 
Standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. The mean 
and standard deviation for health, litter, jobs and cost attributes are presented as 
the log of the WTP coefficients. Interaction terms of socio-demographic variables 
with the status quo ASC were also included in model and are reported as sup-
plementary material in table S4. 
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the environmental preferences remaining relatively unchanged could be 
the awareness that human impact on natural environments may increase 
the risk of pandemics (Di Marco et al., 2020). The fact that human 
population growth is increasing the interaction between humans and 
animals, with the potential for increased exposure to pathogens, may 
have raised the awareness of the importance of protecting nature and 
increased its associated option value. 
Furthermore, the experience of lockdown may impact the perception 
of the vulnerability of nature, as well as increasing the perceived value 
of ecosystem services delivered by nature, thus cancelling out any po-
tential income effect. This could also explain the relatively large effect 
associated with the health attribute across the models. The importance 
of blue and green spaces for mental health for example is well docu-
mented and the lockdown may have increased that awareness amongst 
the general public (Shanahan et al., 2015). People may also have 
become more acutely aware that the next big challenges facing hu-
manity are those related to climate change and the biodiversity crisis. 
The possible role of changing trust in governments, both in terms of their 
competence and their priorities could be another motivating factor for 
the results. Having seen how their governments dealt with the initial 
wave of the pandemic, respondents may have adjusted their levels of 
confidence in the ability/willingness of governments to use their tax 
contributions responsibly/effectively to deliver the changes postulated 
in the survey. This remains an interesting area for future research. 
While not statistically different between periods, the majority of the 
WTP values do display the expected decrease in absolute terms across 
the crisis in the majority of cases. However, it can be seen that in the 
Scottish case the marginal values associated with the health and litter 
attributes, and the highest jobs level (Jobs3) show a slight increase.13 
Similarly, WTP for the highest litter level increases post Covid for Nor-
way (albeit again not a statistically significant difference) suggesting 
that the pandemic has brought home even more for the maritime nations 
the importance of dealing with the marine litter crisis. It was also 
interesting to note that the potential blue growth opportunities on the 
Flemish Cap were the least valued of the attributes across all countries 
with much higher marginal WTP estimates observed for the highest 
levels of the environmental attributes in all three countries. 
It had been expected that Canada might display higher marginal 
WTP values than Norway and Scotland, given it is the closest of the three 
to the Flemish Cap. However, Scotland was found to have the highest 
marginal values across all countries, with Canada having lower marginal 
WTP values than even Norway for some attributes in the post Covid-19 
period. Distance-decay effects have been shown to be more prevalent for 
use values and less clear for non-use values (De Valck and Rolfe, 2018; 
Johnston et al., 2015). It should be noted though that due to range 
differences in the cost attribute used in the survey instrument between 
the countries the inter-country comparisons in terms of preference and 
WTP stability are the main focus of the analysis and a cautious view 
should be taken of any intra-country comparison of the results. 
The study made use of independent samples across the three coun-
tries in the pre and post Covid-19 surveys. It would be interesting to test 
and compare the temporal stability of stated preferences and WTP 
Table 7 
Scottish mixed WTP space model for pre and post Covid-19 periods.   
Scotland  





Health3 4.679*** 0.314 4.916*** 0.339***  
(0.196) (0.251) (0.137) (0.122) 
Health2 4.323*** 0.144 4.570*** 0.020  
(0.162) (0.132) (0.128) (0.359) 
Litter3 4.888*** 0.575*** 5.141*** 0.310***  
(0.146) (0.075) (0.137) (0.073) 
Litter2 4.699*** 0.012 4.783*** 0.013  
(0.134) (0.079) (0.162) (0.146) 
Area4 61.263*** 120.622*** 49.174*** 125.678***  
(15.768) (19.757) (17.269) (29.737) 
Area3 37.533*** 18.951 47.310*** 17.807  
(9.649) (16.037) (9.414) (13.440) 
Area2 14.007 45.843*** 1.612 13.145  
(11.457) (13.283) (8.694) (10.634) 
Jobs3 3.404*** 0.130 3.129*** 0.905**  
(0.294) (0.805) (0.700) (0.383) 
Jobs2 3.876*** 0.218 3.849*** 0.255  
(0.205) (0.191) (0.373) (0.579) 
Cost − 4.440*** 0.575*** − 4.536*** 1.005***  
(0.137) (0.124) (0.148) (0.201) 
asc3 − 267.14*** 351.75*** − 393.61*** 575.94***  
(100.22) (68.41) (116.41) (98.61) 
Pseudo Log 
Likelihood 
− 2640  − 2614  
Wald Chi^2 
statistic (18) 
3556  4812  
Pseudo R2 0.69  0.70  
Observations 11,856 11,856 11,952 11,952 
Standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0. The mean and 
standard deviation for health, litter, jobs and cost attributes are presented as the 
log of the WTP coefficients. Interaction terms of socio-demographic variables 
with the status quo ASC were also included in model and are reported as sup-
plementary material in table S4. 
Table 8 
Attribute WTP (Canadian Dollars) based on mixed WTP space model results.   
Pre Covid-19 Post Covid-19 
Mean 95% Confidence 
Interval 
Mean 95% Confidence 
Interval 
Canada 
Area4 30.62 (23.35 37.88) 28.60 (14.62 42.59) 
Area3 30.85 (18.87 42.82) 26.90 (13.21 40.59) 
Area2 30.02 (23.06 36.97) 25.09 (10.75 39.43) 
Health3 90.22 (78.07 105.62) 64.19 (48.73 86.89) 
Health2 67.39 (58.14 78.52) 48.08 (35.12 72.73) 
Litter3 98.51 (78.32 126.19) 85.28 (52.89 149.60) 
Litter2 63.10 (53.64 74.59) 52.00 (39.23 70.48) 
Jobs3 44.87 (15.58 149.58) 33.63 (21.10 55.64) 
Jobs2 23.27 (18.69 30.27) 24.66 (15.44 42.14)  
Norway 
Area4 39.91 (30.32 49.50) 33.73 (25.35 42.10) 
Area3 11.13 (0.93 21.33) 12.46 (3.37 21.55) 
Area2 7.73 (− 0.27 15.73) 8.18 (4.10 12.26) 
Health3 62.57 (54.99 74.45) 58.22 (50.21 68.48) 
Health2 50.60 (41.60 66.14) 45.25 (39.29 52.56) 
Litter3 72.08 (51.63 103.34) 74.67 (53.06 107.37) 
Litter2 41.77 (34.23 53.91) 43.59 (37.02 52.81) 
Jobs3 22.07 (1.87 425.08) 17.83 (1.07 562.94) 
Jobs2 19.25 (14.32 32.95) 23.14 (17.53 31.79)  
Scotland 
Area4 61.26 (30.36 92.17) 49.17 (15.33 83.02) 
Area3 37.53 (18.62 56.45) 47.31 (28.86 65.76) 
Area2 14.007 (− 8.45 36.46) 1.612 (− 15.43 18.65) 
Health3 113.10 (74.49 218.75) 144.53 (104.84 210.95) 
Health2 76.20 (55.26 112.35) 96.56 (94.90 161.21) 
Litter3 156.54 (109.23 229.25) 179.30 (132.48 247.69) 
Litter2 109.85 (85.33 144.83) 119.47 (90.27 171.62) 
Jobs3 30.34 (48.22 230.10) 34.42 (5.86 354.83) 
Jobs2 49.39 (32.67 85.91) 48.50 (33.28 256.19)  
13 This result may be due to similar levels of uncertainty with regard to future 
economic conditions being present in Scotland in both time periods. It may be 
the case that the presence of Brexit uncertainty at the time of the first survey 
had an influence on WTP at that point in time. A withdrawal agreement was 
finally in place by the time of the second survey but then there is uncertainty 
connected to the pandemic. If similar levels of uncertainty around future eco-
nomic conditions are present in both time periods (but due to different reasons) 
we might expect to see even less variation in average preferences and in the 
distribution of WTP across the periods for Scotland compared to the other 
countries. The high salience in Scottish media of the various negotiations 
around fishing may also have had an influence on preferences for marine 
related attributes and the health of commercial fish stocks attribute in 
particular. 
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values before and after the crisis when the same sample of respondents is 
offered the same sequence of choice sets as has been done previously in 
the test-retest literature (e.g. Brouwer et al., 2017; Schaafsma et al., 
2014). Using the same sequence of choice sets the researcher could then 
also test if individuals’ preferences remain consistent as well as stable 
during a global shock. Examining how individuals’ choices are affected 
by actual changes in their employment status and household income due 
to the crisis would also be a useful area for future research. 
While the second survey was carried out past the peak of the first 
wave of the pandemic in each country this was still only six months after 
the initial survey in November 2019. It is fair to say that respondents 
may not have realized the full extent of the pandemic that even in May 
2021 is not fully clear. The limited time elapsed between the surveys 
may have influenced the “stability” of the results observed and a repeat 
of the survey now may reveal a greater difference in the preferences and 
willingness to pay for environmental protection. This remains an avenue 
for further research. There could also be seasonal differences here due to 
the dates of the data collection for the pre and post samples (winter 
versus summer) that may impact the results. It should be noted however 
that a number of recent survey-based studies have also found no sig-
nificant variations in pro-environmental or climate change attitudes 
over a longer time period between the pre and post COVID-19 eras 
(Lucarelli et al., 2020; Evensen et al., 2021; Krosnick and MacInnis, 
2020). 
The environmental good under consideration in the DCE is also 
thought to be relatively unfamiliar to respondents. As seen in the sum-
mary statistics, 25% or less in each sample had heard of the Flemish 
Cap’s deep-sea ecosystem and wildlife previously. While many may have 
heard of the Flemish Cap they would not presumably have been very 
aware of the ecosystems present in the area before receiving the back-
ground information in the survey instrument. It may be the case that 
mean preferences and WTP for such an ‘unusual’ good will remain stable 
as respondents may have strong views on how important such a good is 
to them. The differences observed in the preference heterogeneity across 
the periods could also be due to sampling effects. While the EB approach 
attempts to correct for this it only adjusts for the characteristics used in 
the weighting procedure. If the pandemic has led to a change in the 
people undertaking internet surveys, the effects observed may be due to 
sampling and not due to preference changes. Having said that the survey 
company employed to undertake the surveys maintains very large 
panels across all three countries that are unlike to have changed 
dramatically over the six months between both surveys. 
As seen in the results, respondents were also more concerned with 
the existence values associated with the environmental attributes rather 
than the values present in the blue growth attribute which may be seen 
as having a more direct impact on the economy. If the value of the good 
lies mainly in its existence one might expect more stability in prefer-
ences (Rollins, 2001). It would be interesting to see how the results 
might differ if the environmental good in question was a familiar coastal 
ecosystem or the conservation of an iconic species or any good where use 
values may play a more important role. It could also be the case that, in 
line with the findings of Ji et al. (2020) in the revealed preference case, 
the study design here and the inclusion of an alternative specific con-
stant in the models means that omitted variable bias is reduced which 
may lead to more stability in preferences. However, in interpreting the 
results of this study, it is important to bear in mind the limited sample 
sizes of the population samples across each country and the fact that the 
confidence intervals around the estimated parameters and mean WTP 
were relatively large. 
Given that we accept the reasons for the identified preference sta-
bility, the relatively stable preferences found for all three countries 
under this extra-ordinary situation gives strong support to societal pri-
orities regarding the conservation of deep-sea environments far removed 
from direct use or experience. We may conclude that even under 
extremely stressful conditions; mentally, economically and socially, 
human preferences regarding environmental conservation remain rela-
tively robust. And though we can only allude to the underlying reasons 
for this robustness here, broad and increasing public awareness of 
human dependency on natural environments seems to be a plausible 
explanation. It may be that society has come to respect, and value the 
environment more than before the crisis, even when faced with greater 
financial insecurity. If this is indeed the case then the public might draw 
on the lessons from this crisis and be more willing to make the necessary 
choices to address the climate and biodiversity challenges ahead. 
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